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Plasma startup by NBI alone was firstly demonstrated in 
the Large Helical Device (LHD) in 1999 [ 1]. The method is 
so simple as injecting high power neutral beams into a thin 
gas target, waiting for a few hundreds milliseconds until thin 
"seed" plasma appears, and then adding gas puff or injecting 
pellet to build up main plasma (fig. I). The mechanism of the 
process is considered as follows. A small amount of fast 
ions made by collisions with background neutrals are 
confined in the magnetic field. They ionize the background 
neutrals and heat the produced thin "seed" plasma. 
Numerical calculations were carried out based on this 
physical model. Layout used in the calculation is shown in 
fig.2, where a closed confining region exists in the vacuum 
chamber. Input physical parameters are the neutral density, 
the energy and equivalent current of neutral beam. All the 
other parameters related to the produced plasma are calcu-
lated through the equations listed below. 
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They describe time evolution of (1) fast ion density, (2) 
plasma electron density, (3) electron temperature, ( 4) ion 
temperature, (5) neutral density in confining region and (6) 
neutral density in the vacuum region. The equations can 
reproduce well the observed time evolution of plasma 
buildup. Figure 3 shows a calculated result corresponding to 
fig. 1. The essential point is that its electron temperature 
should be high enough to ionize the added neutrals. Because 
the main energy loss process from this partially ionized 
plasma is the charge exchange of ions, the ionization degree 
should become high so that the electron temperature 
increases. Therefore, the initial target gas density is impor-
tant to build up plasma within the limited time. 
C1l Q) 
c c 
::i::i 
~~!.-- - . -.····'·,· --·-·- . ,., .•. ,.,.,_,.,.,.,·-·-·-·-·-·-·-· 
...... w. 
;-n j --C0 ((( 
i - OV 
! 
0.0 ~~~ ..... lilpJII!iil¥~~:....:..;tl.lliJ,.:l.IL 
0.30 0.35 0.40 0.45 0.50 0.55 
Time (s) 
80 ~ 
>-
~ 
C1l 
c 
60 w 
u 
~ 
0 
ii5 
40 E 
20 
0.60 
VI 
co 
a: 
Fig. I Time evolution of NBI plasma initiation. The thick 
close and dotted line show line averaged electron density 
(ne) and diamagnetically measured plasma stored energy 
(Wp). The thin close and dotted line show the line emissions 
of carbon III and oxygen V. The hydrogen beam energy is 
140 keV, and its equivalent current is 26 A. 
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Fig.2 Layout used in the calculation 
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Fig.3 Simulation results under the same conditions of fig. I. 
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